Effects of elevated ambient temperature on puberty and related physiological responses were studied in 40 gilts. Group 1 (n = 20) gilts were born in September and Group 2 (n = 20) gilts were born in March. Gilts were placed in environmentally controlled chambers at 140 d of age. After a 10-d acclimation period at 20"C, 35% relative humidity (RH), and 12 h light (L)/12 h dark (D), gilts within each group were randomly assigned to one of two treatments: control (C; 15.6"C, 35% RH, 12 h L/12 h D) or heat stress (HS; 33.3~ 35% RH, 12 h L/12 h D). Dally detection of estrus with a boar began at 180 d of age and continued for 50 d. All gilts not reaching puberty by 230 d of age received 1,000 IU pregnant mare serum gonadotropin (PMSG) and 7 d later were examined by laparotomy. Rectal temperatures (REC) and respiration rates (RESP) were taken twice daily. Food intake (FI) and water usage (WC) were recorded daily. Blood samples were collected weekly and BW recorded at 150, 190, and 230 d of age. No differences (P > .05) were observed due to season of birth. Heat-stressed gilts had greater (P < .001) REC and RESP and consumed more (P < .01) water than C gilts. Food intake and ADG were not different between treatments (P > .05). More gilts (P < .01) reached puberty by 230 d of age under C conditions (18/20) than under HS conditions (4/20). Average age at puberty for C gilts was 204.5 :t: 5 d and 213.3 + 9 d for HS gilts. Mean progesterone concentrations over the entire experimental period for C and HS gilts not reaching puberty by 230 d of age were .7 _+ .3 and 1.4 :i: .5 ng/ml, respectively. Gilts that were HS had a greater (P < .08) incidence of cystic follicles than C gilts (50% vs 0%) following PMSG injection. These results indicate that chronic exposure to elevated ambient temperatures delays puberty in gilts.
Introduction
The transition from one season to another encompasses changes in photoperiod, temperature and other environmental components. Each of these factors influences sexual maturation of gilts (Christenson and Ford, 1979; Hughes, 1982) . In previous studies that exam-ined the relationship between season and puberty (Warnick et al., 1951; Gossett and Sorenson, 1959; Zimmerrnan et al., 1960; Mavrogenis and Robison, 1976) , no attempts were made to standardize the seasonal environment. Consequently, even though the seasons were similar chronologically, climatic aspects within a season likely were different. This could account for differences in results of these experiments.
One method of examining seasonal influences on attainment of puberty is to partition the environment into its individual components and study each separately. High environmental temperatures adversely affect several aspects of reproduction in mature swine (Omtvedt et al., 1971; Christenson, 1980; Wettemann and Bazer, 1985) . Therefore, it seems logical that 779 this environmental component also may be detrimental to sexual maturation of prepuberal gilts. Thus, the objective of this study was to determine the effect of elevated ambient temperatures on puberty and related physiological responses in gilts.
Materials and Methods
Forty crossbred gilts consisting of Duroc, Yorkshire and Landrace breeds born either in September (n = 20) or March (n --20) were used in this study. Gilts were placed in environmentally controlled chambers at 140 d of age. After a 10-d acclimation period at 20~ 35% relative humidity (RH) and 12 h light (L)/12 h dark (D), gilts were assigned randomly to one of two treatments: control (C; 15.6~ 35% RH, 12 h L/12 h D) or heat stress (HS; 33.3~ 35% RH, 12 h L/12 h D). Gilts were maintained in groups of five in pens (2.43 x 3.66 m) and received 2.8 kg of a complete corn-soybean-based finishing ratio per head per day.
Rectal temperatures (REC) and respiration rates (RESP) were recorded daily at 0800 and 2000. Before feeding each morning, feed remaining from the previous day was removed and weighed. This difference was used as an estimate of feed intake (FI). A water meter was inserted in the line above the watering bowls in each pen. This was used to evaluate water usage (WC). Feed intake and WC were recorded daily. Body weights were measured at 150, 190 and 230 d of age. Gilts were bled weekly via jugular venipuncture. Blood sampies were collected in heparinized tubes and stored on ice. At the end of each bleeding period (approximately 30 min), blood samples were centrifuged at 1,200 x g for 10 min at 40C. Plasma was harvested and stored at -20*C. continued for 50 d. Two criteria were used to determine the occurrence of puberty: 1) an elevation of plasma progesterone (> 2.0 ng/ml) in two consecutive weekly samples and 2) an exhibited standing reflex (Zimmerman et al., 1960) . If progesterone (P4) was elevated but no standing reflex was observed, the gilt was classified as sexually mature. Gilts were examined by laparotomy 5 d after their puberal estrus. All gilts not reaching puberty by 230 d of age received 1,000 IU of pregnant mare serum gonadotropin (PMSG) a and were examined by laparotomy 7 d later. For surgical procedures, anesthesia was induced with sodium thiopental (1.0 g) and maintained with a closed-circuit inhalation system of halothane and oxygen.
Hormone Analysis. Plasma concentrations of I)4 were determined by a radioimmunoassay for nonextracted porcine plasma. Crystalline I)45, dissolved in absolute ethanol, was pipetted into culture robes in amounts of .025, .05, .10, .25, .50, .75, 1.00, 1.25 and 2.5 ng. Solvents containing standards were evaporated to dryness prior to assay. One-tenth of 1 ml of a gelatin-phosphate buffer, pH 7, .1 ml of a 1:1,000 dilution of progesterone antibody (RDR-9P) 6 and 15,000 cpm of 1,2,6,7-[3H]progesterone 7 in .1 ml buffer was added to all tubes containing standards and plasma samples (.05 ml). The samples were mixed with a vortex and contents were incubated for 90 min at room temperature and 15 min at 4~ Following incubation, 1.0 ml of .5% neutral Norit-.125% Dextran solution 8 in the assay buffer was added to all tubes. The contents were mixed, incubated for 10 rain in an ice bath and centrifuged at 800 x g for 10 min at 4"C. After centrifugation, the supernatant fluid was decanted into scintillation vials containing 10 ml of Beckman Ready-Solve VI scintillation liquid. Radioactivity was measured in a liquid scintillation spectrometer 9.
The cross-reactivity of the progesterone antisera was found to be less than .1% for estradiol-1713 and estrone, 7.3% for testosterone, 1.2% for cortisol and 8.7% for corticosterone. The assay was validated in the following manner. Dose-response tests showed parallelism between the standard P4 inhibition curve and .025, .05, .25 and .5 ml of porcine plasma. Addition of .2, 1.0, 2.5, 5.0, 10.0 and 25.0 ng of P4/ml to ovariectomized-hysterectomized porcine plasma (n = 10 per dose) resulted in (Cantley et al., 1975) and nonextracted procedures. Mean plasma P4 in extracted vs nonextracted samples was 7.2 -1-1.0 and 6.7 + .9 ng/ml (r = .98, P < .01), respectively. The inter-and intra-assay coefficients of variation in the present study were 10.0 and 7.1%, respectively.
Statistical Analysis. Main effects of environmental treatment and season of birth and appropriate interactions were evaluated using General Linear Model procedures for the dependent variables REC, RESP, FI, WC, BW gain, age at puberty, ovulation rate at puberty and PMSG-induced ovulation rate. Because no differences (P > .05) due to season of birth were detected (Tables 1 and 2 ), data were pooled before further analysis. Comparisons of REC and RESP were analyzed using a splitsplit-plot design for repeated measurements (Cochran and Cox, 1957) . Weekly P4 concentrations, FI, WC and BW gain were evaluated using a split-plot analysis of variance (Gill and Hafs, 1971) . General Linear Models procedures (SAS, 1985) for analysis of variance were utilized to evaluate age and ovulation rate at puberty and PMSG-induced ovulation rate, All treatment mean comparisons were evaluated by a protected least significant difference test (Snedecor and Cochran, 1980) . Proportions of gilts reaching puberty by 230 d of age and number of animals having cystic follicles following PMSG were analyzed by chi-square (Steel and Torrie, 1980) .
Results
Mean weekly REC of C and HS gilts are shown in Figure 1 . No effects of time within day or day within treatment (P > .05) were present. Therefore, data are presented as a weekly average for graphical clarity. During the 10-d acclimation period (designated wk 0), REC measurements were similar (P > .05) in both treatment groups. Throughout the experimental period, HS gilts had greater (P < .001) REC than C gilts.
Physiological responses of C and HS gilts are summarized in Table 3 . Feed intake and ADG on a per pen basis were not different (P > .05) between treatments. Water usage and RESP were greater (P < .001) in HS than in C females.
Reproductive characteristics of gilts exposed to C and HS conditions are given in b'CMeans within rows with different superscripts differ (P < .001). Table 4 . A greater (P < .03) proportion of gilts reached puberty by 230 d of age under C than under HS conditions. Average age at puberty for C gilts was 204.5 + 5 d vs 213.5 + 7 d for HS females and was not different between treatments (P > .05). All gilts classified as prepuberal at 230 d of age failed to exhibit a standing reflex and did not exhibit an elevation in plasma P4. Although ovulation rate at puberty and after PMSG were similar (P > .05), both were consistently greater in C than in HS females. Following PMSG, gilts exposed to HS conditions had a greater (P < .08) incidence of cystic follicles (> 20 mm in diameter) than C gilts. Of the eight HS gilts exhibiting cystic follicles, five had corpora lutea present on their ovaries. Mean weekly concentrations of P4 in C and HS gilts not exhibiting puberty are shown in Figure 2 . Because none of the gilts exhibited puberty before detection of estrus began (180 d of age), values from wk 0 to 6 represent the mean of 20 gilts in each treatment. When a gilt reached puberty, her P4 data were no longer included in calculating the weekly mean. Consequently, wk-11 values are the mean of 16 HS and 2 C females that did not reach puberty during the study. Progesterone concentrations of two C females were similar to those commonly observed in prepuberal gilts. No difference (P < .05) was observed in P4 between C and HS gilts; however, plasma concentrations tended to be greater in HS females.
Di,cunion
Increased REC, RESP and WC in HS gilts agree with results of other studies that have examined the effect of thermal stress on these physiological variables (Collier et al., 1982; Hoagland and Wettemann, 1984; Ross et al., 1985) . The elevated REC are a response to high environmental temperatures. The increased WC and RES are attempts by HS animals to compensate for elevated body temperatures. The fact that REC remained elevated throughout the entire experimental period indicates that HS gilts were not able to acclimate completely to the thermal load placed on them by the hot environment. These physiological responses indicate that HS gilts effectively were stressed by the elevated temperatures compared with C females.
A decrease in feed consumption and subsequent weight losses were not observed in HS gilts in this study. These results are consistent with data from other studies with similar environmental and feeding protocols (Teague et al., 1968; d'Arce et al., 1970) . Consequent- ly, it is unlikely that the detrimental effect of HS on puberty observed in the present study is related to nutrient intake or growth rate.
Although not statistically different, plasma concentrations of P4 in prepuberal HS gilts were double those in their C counterparts. A similar trend in P4 concentrations was observed in mature gilts exposed to HS the first 5 d after estrus and from d 12 to 20 of pregnancy . The source of this additional production of P4 in HS gilts has not been documented fully, but adrenal glands have been implicated (Christenson, 1980; Wettemann and Bazer, 1985) .
The physiological significance of these elevated P4 concentrations is not clear. However, they may be associated with the high incidence of cystic follicles following PMSG observed in HS gilts. One method of inducing cystic follicles experimentally is by administration of exogenous progestagens (Cupps, 1971; Erb et al., 1973; Kesler and Oarverick, 1982) . Definitive cause-and-effect relationships among HS, P4 and cystic follicles cannot be established from the present study.
The fact that 18 C gilts reached puberty at an average age of 204.5 d, whereas 16 HS gilts failed to reach puberty by 230 d of age, indicates that chronic exposure to elevated ambient temperatures delays sexual maturation in female swine. In the literature, "season of birth" is a term used frequently to relate seasonal effects and age at puberty. Within environmental treatments, no differences were observed in the attainment of puberty due to season of birth. Thus, environmental conditions to which gilts are exposed during their puberal development are more important considerations than season of birth with regard to onset of reproductive function. Moreover, ambient temperature is one environmental component during development that can adversely affect attainment of puberty in gilts.
Onset of the final stages of follicular growth that culminates in ovulation is a key event that influences the age at which a gilt reaches puberty (Elsaesser, 1982) . Follicle-stimulating hormone and LH are involved in this process (Richards, 1979; Christenson et al, 1985) . Pregnant mare serum gonadotropin, a hormone with FSH-and LH-like properties, stimulated follicular growth and ovulation in some HS gilts. This indicates that ovaries of HS females are capable of responding to gonadotropic stimulation. Thus, HS may be delaying puberal development, in part, through suppression of FSH and LH.
Currently, no information is available concerning the effect of HS on gonadotropin secretion in prepuberal gilts. However, compared to unstressed counterparts, HS bulls (Minton et al., 1981) and cows (Madan and Johnson, 1973; Miller and Alliston, 1974) have lower plasma concentrations of LH. It is reasonable to speculate that if elevated temperatures can reduce plasma concentrations of gonadotropins in mature animals, then the same effect could occur in prepuberal females.
Although PMSG stimulated follicular growth and ovulation in HS gilts, the possibility that the ovarian response to FSH and LH was reduced during HS cannot be discounted.
Five of the PMSG-treated gilts exposed to HS had both cystic follicles and corpora lutea. Because luteal tissue was present, concentrations of LH capable of causing ovulation must have occurred. Therefore, a portion of the follicular population in these HS gilts was at least partially unresponsive to preovulatory concentrations of gonadotropins.
In summary, elevated temperatures are one aspect of the seasonal environment that can delay sexual maturation of gilts. Results of this study demonstrate that this delay can be 4 wk or longer. This effect of elevated environmental temperatures on puberty may be due to reduced concentrations of gonadotropins, to decreased responsiveness of the ovary to these hormones, or to a combination of both factors.
